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ABSTRACT 

Background and Objectives: All modern surgical pro- 
cedures require a high level of cognitive and psychomotor 
skills achieved using different training methods, but could 
be influenced by fatigue and other psychological factors. 
We evaluated the effect of warm-up exercises on opera- 
tive laparoscopic performances. 

Methods: The surgical team operated on a consecutive 
series of 20 patients with gallstones. Patients were ran- 
domly allocated in 2 groups: group A to be operated on 
without warm-up exercises and group B to be operated 
on after a short-term warm-up. All the patients were op- 
erated on by the same surgical team. The full-time records 
of the operation were analyzed by 2 independent review- 
ers. A modified simplified Global Rating Score (GRS) was 
used to assess the surgical procedures. A training module 
using the Lap Mentor simulator was designed for the 
warm-up. 

Results: Better performances were noted by both observ- 
ers in group B only regarding "Respect for tissue" scores 
(3.75±0.l6 vs 4.43±0.20, P=.021 and 3.87±0.22 vs 
4.57±0.20, P = .04l) achieving significant or marginally 
significant differences for all categories; GRS scores for 
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"time and motion" and "overall impression" tend to be 
better after warm-up, but differences failed to reach sta- 
tistical significance in our series. 

Conclusion: Surgeons, even the most experienced in 
laparoscopic surgery, can increase specific psychomotor 
skills associated with a laparoscopic environment by do- 
ing simple exercises on a virtual reality simulator, just 
before an operation. These improvements are reflected in 
more accurate handling of tissue during laparoscopic cho- 
lecystectomy. 

Key Words: Laparoscopic education, Warm-up, Com- 
puter simulation, Cholecystectomy. 



INTRODUCTION 

Surgery is a skill-based profession. Many modern surgical 
procedures and especially minimally invasive techniques 
require a high level of cognitive and psychomotor skills, 
and could be influenced by fatigue as well as other psy- 
chological factors. 1 All other professions with comparable 
cognitive and psychomotor skill requirements (eg, danc- 
ers, musicians) use some warm-up exercises to enhance 
their abilities. 2 It was demonstrated that a 15-minute to 
20-minute warm-up led to a 33% overall reduction in 
errors in a series of exercises that simulated surgical 
skills. 2 However, it is not clear "whether improved task 
performance will transfer to improvement in the operation 
room." 2 

MATERIALS AND METHODS 

Surgical Team and Procedures 

One experienced surgical team (1 senior surgeon and 1 
cameraman) was selected for the experiment, lead by a 
senior surgeon with substantial experience in laparo- 
scopic cholecystectomy (over 1000 procedures per- 
formed). All procedures were performed by the senior 
surgeon as the main operator, and the study aimed at 
evaluating this operator's psychomotor skills with or with- 
out a warm-up. The team agreed to follow the protocol 
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regarding random assignment of cases to each study arm, 
without prior information. Patients involved in the study 
protocol were chosen consecutively from the elective list 
regardless of clinical form or ultrasonic characteristics. All 
procedures were performed using a standardized ap- 
proach, with the patient in the "American" position and 
both operators situated on the left side of the patient. A 
standard laparoscopic set of instruments was used with a 
high-definition laparoscopic camera that allowed for dig- 
ital recordings. The surgical team had all the freedom to 
choose the operative approach as well as to choose to 
convert to an open approach. 

Exclusion criteria were history of open surgery in the 
upper abdomen and acute cholecystitis diagnosed before 
randomization, major changes in technique due to asso- 
ciated diseases diagnosed during exploratory laparoscopy 
and difficult cholecystectomy (difficulty level 3 or 4, using 
Cuschieri classification 3 ). We decided to exclude such 
cases to separate errors generated by nonoptimal coordi- 
nation and improper surgical skills, from those that could 
be associated with difficult anatomical situations, inflamed 
tissue, and severe adhesions. Pooling these cases in the 
series might confound evaluators in their analysis and 
increase the variability in the sample cohort. 

Warm-up Tasks 

We used a Lap Mentor simulator (Simbionix, Cleveland, 
OH), which combines a PC running Windows XP, a con- 
sole that simulates the patient's abdomen with 3 trocars 
already inserted, and complex software with different 
modules and tasks. We used a console that allows for 
force feedback that adds a tactile sense to the artificial 3D 
environment. Lap Mentor has good construct validity pro- 
viding the possibility to distinguish between subjects with 
varying laparoscopic experience. 4 ' 5 According to our pre- 
vious experience in laparoscopic training, 6 we designed a 
training module consisting of 7 measurable tasks consid- 
ered important in laparoscopic cholecystectomy module 
(Figure 1): 1) camera navigation; 2) instruments coordi- 
nation; 3) clip applying; 4) clipping and grasping; 5) 
electrocautery; 6) cystic pedicle dissection (critical view); 
7) cystic pedicle clipping and cutting. The subject had to 
fulfill a training module at his own pace (—15 to 20 
minutes), just before the surgical procedure. Time interval 
between the preoperative warm-up and the start of the 
surgical procedure could not exceed 15 minutes. 

Skills Assessment 

Patients involved in the study protocol were chosen con- 
secutively from the elective list of the operating surgeon, 



PR 
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Figure 1. Virtual reality simulator warm-up tasks: (1) Camera 
navigation; (2) Instrument coordination; (3) Clip applying; (4) 
Clipping and grasping; (5) Electrocautery; (6) Cystic pedicle 
dissection; (7) Cystic pedicle clipping and cutting. 



regardless of clinical form or ultrasonic characteristics that 
could predict a difficult cholecystectomy. The series of 20 
patients were randomly assigned to 2 groups using online 
randomizer software (www.randomizer.org): group A - 
patients to be operated on without warm-up exercises and 
group B - patients to be operated on after a short-term 
warm-up task. All procedures were recorded in DVD 
format and analyzed by 2 independent reviewers to assess 
the surgeons' skills. The evaluators were blinded for pa- 
tient randomization status and postoperative follow-up. A 
simplified Global Rating Scale/Score (GRS) 7 - 8 was used to 
assess the surgical procedures (Figure 2). The modified 
scale consisted of 6 categories: 1) respect for tissue (aim- 
ing for errors in tissue handling, unwanted movements 
that produce disruption of tissue, gallbladder wall breaks, 
cystic duct or cystic artery lesions, or errors generating 
avoidable lesions in the liver or surrounding tissues); 2) 
time and motion progress (aiming for unwanted move- 
ments or badly predicted amplitude of movements of the 
operator, as well as a bad coordination between laparo- 
scope and operating field); 3) instniment handling and safety 
(aiming mostly at errors in handling of instruments - eg, 
cross-over, unnecessary touching, abnormal movements, 
errors in safety regarding coagulation and manipulation of 
adjacent organs); 4) depth perception (aiming at errors 
generated by the adjustment process to bidimensional 
representation of the space, eg, malposition of the instru- 
ment in front or behind structures); 5) bimanual dexterity 
(aiming at errors generated by misuse of the nondominant 
hand, which results in difficulties in exposure) and 6) 
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CHOLECYSTECTOMY DIFFICULTY © © © © 

Figure 2. Global Rating Scale/Score (GRS) used to assess the surgical procedures. 



overall impression (which intends to offer a general im- 
pression regarding the whole procedure, rather than a 
sum of all previous scores). Each category was scored 
from 1 to 5 on a Likert-type scale. Additional data were 
also required: operating time (recorded from the insertion 
of the laparoscope until removal of the gallbladder from 
the liver bed) and cholecystectomy difficulty. The difficult 
cholecystectomies graded as "3" or "4" (conversion) were 
excluded from the final analysis. 

Reviewers were asked to evaluate only psychomotor skills 
in this experiment. Scales are subjective, but reviewers 
were instructed to identify errors and pitfalls in laparo- 
scopic manipulation, navigation, and safe handling of 
tissue during the whole procedure. Special care was di- 
rected towards adjusting to depth perception and good 
control of the instruments, as these could be relevant to 
the preoperative warm-up. 

To increase the sensitivity of evaluation, each GRS cate- 
gory was separately noted (Figure 2): 1) exposure of the 
biliary region, including adhesiolysis; 2) dissection of the 
cystic pedicle (including the quality of "critical view") 9 ; 3) 
the final dissection of the gallbladder; and 4) global cate- 
gory score. Due to marked subjectivity in evaluation, we 
preferred to present results from each evaluator, rather 
than pool the data. This allowed for more objectivity 
regarding the whole experiment, while data were consid- 
ered significant when both evaluators' data were concor- 
dant. 



Statistical Analysis 

Collected data were coded as categorical or numerical 
variables included in an MS Access Office XP database 
and statistically analyzed using SPSS version 15.0 for Win- 
dows (Statistical Package for the Social Sciences, Chicago, 
IL, USA). The univariate analysis was conducted with the 
Student t test for numerical variables and Pearson x 2 test 
for categorical variables; P<.05 was considered statisti- 
cally significant. Average values for continuous variables 
were reported as mean ± SEM (Standard Error of Mean). 
Spearman's rho test was used to test interobserver vari- 
ability; the strength of the relationship was interpreted as 
little or no relationship (R=0 to 0.25), weak to fair 
(R=0.25 to 0.5), moderate to good (R=0.5 to 0.75), and 
excellent (R>0.75). 10 

RESULTS 

Of the 20 study procedures, 5 were excluded due to the 
difficulty of the procedures: 3 cases noted as difficulty 
level "3" and 2 conversions to open surgery (difficulty 
level "4"). Fifteen procedures were further analyzed. 
There were no complications in either group, and all 
patients were discharged 48 hours to 72 hours after sur- 
gery, according to hospital protocol. The man to woman 
ratio was 7 to 8, and the mean age was 45.73±3.49 years 
(range, 27 to 68). Eight patients (53-3%) were in Group A 
(without warm-up) and 7 (46.7%) were in Group B (with 
warm-up). The mean age and BMI were similar in the 2 
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groups. Difficulty levels were similar in the 2 groups as 
evaluated by the independent evaluators (no significant 
differences between groups, P = .338): difficulty level "1", 
73.3% (n=ll) and difficulty level "2", 26.7% (n=4). Op- 
erative time was not an endpoint measurement in this 
study. Even so, the mean operative time of 27±2.44 min- 
utes is consistent with the degree of difficulty. Also lack of 
significant differences between groups (P=.717) advo- 
cates for the homogeneity of procedures in both arms of 
the study. 

Surgeon's Skills Assessment Data 

Data confirmed that evaluation of each GRS score is highly 
subjective as can be easily demonstrated by low interob- 
server variability scores (Tables 1 through 3). That is 
mostly due to lack of numerical analysis of task perfor- 
mance in the operative environment, as opposed to sim- 
ulation. Based on this, our option was to separately com- 
pute the results of each reviewer and consider results 
significant in the situation when both evaluations suggest 
a statistically significant (or marginally significant) differ- 
ence in favor of preoperative warm-up. 

The only obvious improvement in psychomotor skills af- 
ter warm-up was demonstrated with statistical significance 
in GRS scores for "Respect for tissue." Group B did better 
as evaluated by each reviewer, and scores improved to 
significant or marginally significant better results. It is 
notable that differences are evident in every category 
analyzed (Table 1). 

For all other GRS issues, "time and motion," "instrument 
handling and safety," "depth perception," "bimanual dex- 
terity," and "overall impression" the scores were better in 
group B, but differences fail to achieve statistical signifi- 
cance. Differences are consistent in almost every category 
for issues regarding "time and motion" and overall impres- 



sion" (Tables 2 and 3), but we cannot say that warm-up 
significantly optimizes the psychomotor skills mentioned 
here. 

DISCUSSION 

It is well known that minimally invasive surgical proce- 
dures (MIS) require specific psychomotor and cognitive 
capabilities that are different from those used in conven- 
tional open surgery (eg, accurate instrument targeting in a 
3-dimensional environment using a bidimensional video 
interface, bimanual dexterity, laparoscopic anatomic par- 
ticularities). 11-14 These capabilities can be gained and im- 
proved through extensive training. 15 It was demonstrated 
that the specialized training for MIS is absolutely neces- 
sary to avoid or to minimize intraoperative errors. 16-18 

The beneficial role of virtual reality training for MIS has 
been demonstrated, especially for beginners; a recent 
metaanalysis revealed shorter time taken to complete a 
laparoscopic task, increased accuracy, decreased number 
of errors, and better "composite operative performance 
score" for the trainees who used virtual reality as a training 
method. 19 Moreover, virtual reality simulators record dif- 
ferent parameters (eg, time, misses, drift, trajectory, and 
angular path of the instruments, tissue damage) that allow 
for an objective evaluation of the trainees' psychomotor 
performances. 6 - 13 It was recently demonstrated that psy- 
chomotor performances measured by virtual reality simu- 
lators correlates with intraoperative performances. 20 

We used a virtual reality simulator to perform the 
warm-up exercises. Based on our previous experience in 
MIS training, 6 we chose a combination of tasks capable of 
optimizing psychomotor skills that could be fulfilled in 15 
minutes to 20 minutes. It was our intention to look for data 
that may suggest an improvement in psychomotor skills 



Table 1. 

Respect for Tissue's Scores 





Evaluator 1 






Evaluator 2 






IOV a 


Group A 


Group B 


P 


Group A 


Group B 


P 


R 


Exposure of biliary region and adhesiolysis 


3.88±0.35 


4.71±0.18 


.059 


3.88±0.29 


4.71±0.18 


.037 


0.842 b 


Dissection of the cystic pedicle and critical view 


3.38±0.18 


4.43±0.29 


.008 


3.88±0.29 


4.71±0.18 


.037 


0,623 


Dissection of the gallbladder 


3±0.18 


4±0.31 


.014 


3.63±0.32 


4.43±0.20 


.058 


0.583 


Overall issue score 


3.75±0.16 


4.43±0.20 


.021 


3.87±0.22 


4.57+0.20 


.041 


0.350 



Tnterobserver variability. 
b P<05. 
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Table 2. 

Time and Motion Scores 





Evaluator 1 






Evaluator 2 






IOV* 


Group A 


Group B 


P 


Group A 


Group B 


P 


R 


Exposure of biliary region and adhesiolysis 


4.50±0.32 


4.29±0.18 


.593 


4.13±0.35 


4.57±0.20 


.308 


0.397 


Dissection of the cystic pedicle and critical view 


4±0.26 


4.57±0.29 


.175 


3.88±0.12 


4.71 ±0.18 


.002 


0.507 


Dissection of the gallbladder 


4.38±0.26 


4.57±0.20 


.573 


4±0.19 


4.57±0.20 


.059 


0.560 


Overall issue score 


4.25±0.16 


4.71±0.18 


.081 


4±0.19 


4.86±0.14 


.004 


0.577 



Interobserver variability. 



Table 3. 

Overall Impression Scores 





Evaluator 1 






Evaluator 2 






IOV* 


Group A 


Group B 


P 


Group A 


Group B 


P 


R 


Exposure of biliary region and adhesiolysis 


4.50±0.27 


4.86±0.14 


.279 


4.25±0.25 


4.43±0.20 


.595 


0.361 


Dissection of the cystic pedicle and critical view 


4.13±0.22 


4.71±0.18 


.069 


4.25±0.25 


4.71±0.18 


.169 


0.617 


Dissection of the gallbladder 


4.25±0.16 


4.71±0.18 


.081 


4.13±0.22 


4.71±0.18 


.069 


0.364 


Overall issue score 


4.37±0.18 


4.86±0.14 


.059 


4±0.19 


4.86±0.14 


.004 


0.516 



"Interobserver variability. 



for this specific operation if the surgeon proceeds with 
laparoscopic cholecystectomy within 15 minutes after 
completion of warm-up. 

Evaluation of surgical performance is difficult, and no 
method is universally accepted. Different possibilities 
have been described in the literature: VR simulator re- 
corded data, checklists, and global scores, assessment 
using electromagnetic tracking devices or video tracking 
devices. 7,8,12,13,15,21,22 i^e used GRS and 2 independent 
observers to evaluate the operative performances, similar 
to other studies in the literature. 7 ' 8 ' 23 The low interob- 
server variability is proof of the subjective evaluation us- 
ing GRS scores, and we consequently looked for a similar 
pattern of changes in each category and for each observer. 
Our hypothesis is that there might be an optimization if 
both observer scores are better in group B, even if abso- 
lute values are not concordant between the 2 of them. 

Our results revealed significant better performances after 
a short warm-up only in the GRS category "respect for 
tissue" while other GRS categories ("time and motion," 
"instrument handling and safety," "depth of perception," 
"bimanual dexterity," and "overall impression") were not 
significantly influenced by the warm-up exercises. Better 



scores in "respect for tissue" may reflect a more precise 
handling of anatomical structures, with less damage to 
structures during manipulation or dissection. 

Data should be interpreted regarding the potential benefit 
of warm-up for a very experienced surgeon, performing a 
highly standardized procedure. The present study has 
some limitations: a relatively small number of cases, a 
single and very experienced surgeon, and the use of a 
"global score" for measurement of results. Further studies 
should include more surgeons with different MIS experi- 
ence. One hypothesis is that inexperienced surgeons 
might benefit more from this warm-up procedure in op- 
timizing psychomotor skills, and the impact may decline 
as experience accumulates. We should also optimize eval- 
uation methodology with a more accurate and directly 
measurable scoring system, but also adaptation of the 
warm-up procedure for more complex procedures may 
reveal a beneficial increase in psychomotor skills in a less 
familiar environment. 

CONCLUSION 

Using a virtual reality simulator and doing simple exer- 
cises before the operation, the surgeons, even the most 
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experienced in laparoscopic surgery, become better pre- 
pared to perform a surgical procedure, from the point of 
view of psychomotor skills. However, further studies are 
necessary to establish the transfer of the preoperative 
warm-up concept to everyday surgical practice. 

References: 

1. Kahol K, Leyba MJ, Deka M, et al. Effect of fatigue on 
psychomotor and cognitive skills. Am J Surg. 2008;195:195-204. 

2. Kahol K, Satava RM, Ferrara J, Smith ML. Effect of short-term 
pretrial practice on surgical proficiency in simulated environ- 
ments: a randomized trial of the "preoperative warm-up" effect. 
J Am Coll Surg. 2009;208:255-268. 

3. Cuschieri A, Berci G. Laparoscopic Biliary Surgery. Oxford, 
London, Edinburgh: Blackwell Scientific Publication; 1992. 

4. Zhang A, Hunerbein M, Dai Y, Schlag PM, Beller S. Construct 
validity testing of a laparoscopic surgery simulator (Lap Men- 
tor®). SurgEndosc. 2008;22:1440-1444. 

5. Zhang A, Hunerbein M, Dai Y, Schlag PM, Beller S. Construct 
validity testing of a laparoscopic surgery simulator (Lap Mentor): 
evaluation of surgical skill with a virtual laparoscopic training 
simulator. SurgEndosc. 2008;22:1440-1444. 

6. Tarcoveanu E, Moldovanu R, Bradea C, et al. Laparoscopic 
surgical training - a ten years experience. 21st International 
Conference of Society for Medical Innovation and Technolo- 
gies (SMIT), Sinaia, Romania, 7-9 October 2009, Abstract 
Book, p. 80. 

7. Pellen M, Horgan L, Roger Barton J, Attwood S. Laparo- 
scopic surgical skills assessment: can simulators replace experts? 
World J Surg. 2009;33:440-447. 

8. Doyle JD, Webber EM, Sidhu RS. A universal global rating 
scale for the evaluation of technical skills in the operating room. 
Am J Surg. 2007;193:551-555. 

9. Strasberg SM. Avoidance of biliary injury during laparo- 
scopic cholecystectomy. J Hepatobiliary Pancreat Surg. 2002;9: 
543-547. 

10. Colton T. Statistics in Medicine. Boston: Little, Brown and 
Company; 1974. 



11. Andreatta PB, Woodrum DT, Birkmeyer JD, et al. Laparo- 
scopic skills are improved with LapMentor training. Ann Surg. 
2006;243:854-863. 

12. Cristancho SM, Hodgson AJ, Panton ON, Meneghetti A, War- 
nock G, Qayumi K. Intraoperative monitoring of laparoscopic 
skill development based on quantitative measures. SurgEndosc. 
2009;23:2181-2190. 

13- Black M, Gould JC. Measuring laparoscopic operative skill in 
a video trainer. Surg Endosc. 2006;20:1069-1071. 

14. Figert PL, Park AE, Witze DB, Schwartz RW. Transfer of 
training in acquiring laparoscopic skills. J Am Coll Surg. 2001; 
193:533-537. 

15. Aggarwal R, Moorthy K, Darzi A. Laparoscopic skills training 
and assessment. Br J Surg. 2004;91:1549-1558. 

16. Macfadyen BV, Vecchio R, Ricardo AE, Mathis CR. Bile duct 
injury after laparoscopic cholecystectomy: the US experience. 
Surg Endosc. 1998;12:315-321. 

17. Rosenthal R, Gantert WA, Hamel C, et al. The future of patient 
safety: surgical trainees accept virtual reality as a new training tool. 
Patient Saf Surg. 2008;2:l6. DOL 10.1186/1754-9493-2-16. 

18. Satava RM. Historical review of surgical simulation - a per- 
sonal perspective. World J Surg. 2008;32:141-148. 

19- Gurusamy KS, Aggarwal R, Palanivelu L, Davidson BR. Vir- 
tual reality training for surgical trainees in laparoscopic surgery. 
Cochrane Database Syst Rev. 2009;1:CD006575. 

20. Kundhal PS, Grantcharov TP. Psychomotor performance 
measured in a virtual environment correlates with technical skills 
in the operating room. Surg Endosc. 2009;23:645-649. 

21. Hance J, Aggarwal R, Moorthy K. Assessment of psychomo- 
tor skills acquisition during laparoscopic cholecystectomy 
courses. Am J Surg. 2005;190:507-511. 

22. Aggarwal R, Grantcharov T, Moorthy K, et al. An evaluation 
of the feasibility, validity, and reliability of laparoscopic skills 
assessment in the operating room. Ann Surg. 2007;245:992- 
999. 

23. Calatayud D, Arora S, Aggarwal R, et al. Warm-up in a virtual 
reality environment improves performance in the operating 
room. Ann Surg. 2010;251:1181-1185. 



538 



JSLS (2011)15:533-538 



